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(57) ABSTRACT

Data 1s transmitted from a sending processor over a network
to one or more recerving processor 1 a forward direction
during an allocated slot, and acknowledge signals are sent 1n
a reverse direction during the same allocated slot, to indicate
whether the receiving processor 1s able to receive data If one
or more of the recerving processors indicates that 1t 1s unable
to recerve the data, the data 1s retransmitted during the next
allocated slot. This means that the sending processor 1s able to
determine within the slot period whether a retransmission 1s

necessary, but that the slot period only needs to be long
enough for one-way communication.
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COMMUNICATIONS IN A PROCESSOR
ARRAY

This invention relates to a deterministic method of com-
municating information between processors 1 a network,
and 1n particular to a multiprocessor system in which the
processors communicate 1n accordance with the method.

W002/50624 describes a processor array, in which a large
number of processors are interconnected by a network of
buses and switches. W0O02/50624 also describes how to
transier data to processors in the array.

According to the present invention, there i1s provided a
system 1n which data can be sent from a {irst processor to one
Or many receiving processors 1n accordance with a protocol
for resending data 11 one or more of the receiving processors
were unable to recerve the data.

More specifically, data 1s transmitted from a sending pro-
cessor 1o one or more receiving processor 1n a forward direc-
tion during an allocated slot, and acknowledge signals are
sent 1n a reverse direction during the same allocated slot. As a
result, the duration of the slot only needs to be long enough for
data to travel 1n one direction.

This means that, compared with an alternative method, in
which an acknowledge signal 1s sent only after 1t 1s known that
data has been received, and in which the slot duration there-
fore needs to be long enough to allow for a round trip delay,
the capacity of the bus 1s effectively doubled.

Further, compared with another method, 1n which receiv-
ing processors use a Ready signal to signify that they will be
ready to receive data on the next allocated slot, slots are used
more elficiently no slots are used merely to transfer the infor-
mation that recerving processors will be ready to receive data
on the next slot. Rather, data can be transferred during all
available slots.

This has the advantage that 1t minimises the time that 1s
consumed 1n resending.

For a better understanding of the present invention, refer-
ence will now be made by way of example to the accompa-
nying drawings, 1n which:—

FIG. 1 1s a block schematic diagram of a processor array in
accordance with the present invention.

FIG. 2 1s an enlarged block schematic diagram of a part of
the processor array of FIG. 1.

FIG. 3 1s an enlarged block schematic diagram of another
part of the processor array of FIG. 1.

FI1G. 4 1s an enlarged block schematic diagram of a further
part of the processor array of FIG. 1.

FIG. 5 1s an enlarged block schematic diagram of a further
part of the processor array of FIG. 1.

FIG. 6 1s an enlarged block schematic diagram of a still
turther part of the processor array of FIG. 1.

Referring to FIG. 1, a processor array of the general type
described 1n WO02/50624 consists of a plurality of proces-
sors 20, arranged 1n a matrnix. Although the invention 1s
described herein with reference to an array of this type, it 1s
equally applicable to other systems 1n which one processor 1s
able to send data to multiple other processors over a network.

FIG. 1 shows an array having six rows, each consisting of
ten processors, with the processors 1n each row numbered PO,
P1,P2, ..., P8, P9, giving a total of 60 processors in the array.
This 1s suilicient to 1llustrate the operation of the ivention,
although one preferred embodiment of the invention has over
400 processors. Each processor 20 1s connected to a segment
of a horizontal bus running from leit to right, 32, and a
segment of a horizontal bus running from right to leit, 36, by
means ol connectors, 30. These horizontal bus segments 32,
36 are connected to vertical bus segments 21, 23 running
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upwards and vertical bus segments 22, 24 runming down-
wards at switches 55, as shown.

Each bus 1n FIG. 1 consists of a plurality of data lines,
typically 32 or 64, a data valid signal line and two acknowl-
edge signal lines, namely an acknowledge signal line and a

resend acknowledge signal line.

The structure of each of the switches 35 1s illustrated with
reference to FIG. 2. The switch 55 includes a RAM 61, which
1s pre-loaded with data. The switch further includes a con-
troller 60, which contains a counter that counts through the
addresses of the RAM 61 in a pre-determined sequence.
This-same sequence 1s repeated indefimitely, and the time
taken to complete the sequence, measured 1n cycles of the
system clock, 1s referred to as the sequence period. On each
clock cycle, the output data from RAM 61 1s loaded into a
register 62 determined The switch 55 has six output buses,
namely the respective left to right horizontal bus, the right to
left horizontal bus, the two upwards vertical bus segments,
and the two downwards vertical bus segments, but the con-
nections to only one of these output buses are shown 1n FIG.
2 for clanty. Each of the six output buses consists of a bus
segment 66 (which consists of the 32 or 64 line data bus and
the data valid signal line), plus lines 68 for output acknowl-
edge signals Ack and resend acknowledge signals RAcK.

A multiplexer 65 has seven inputs, namely from the respec-
tive lett to right horizontal bus, the right to left horizontal bus,
the two upwards vertical bus segments, the two downwards
vertical bus segments, and from a constant zero source. The
multiplexer 65 has a control input 64 from the register 62.
Depending on the content of the register 62, the data on a
selected one of these inputs during that cycle 1s passed to the
output line 66. The constant zero 1input 1s preferably selected
when the output bus 1s not being used, so that power 1s not
used to alter the value on the bus unnecessarily.

At the same time, the value from the register 62 1s also
supplied to an acknowledge selection block 67, which
receives acknowledge and resend acknowledge signals from
the respective left to right horizontal bus, the right to left
horizontal bus, the two upwards vertical bus segments, the
two downwards vertical bus segments, and from a constant
zero source, and selects a pair of output acknowledge signals
on line 68.

FIG. 3 1s an enlarged block schematic diagram showing
how two ol the processors 20 are connected to segments of the
lett to right horizontal bus 32 and the right to left horizontal
bus 36 at respective connectors 50. A segment of the bus,
defined as the portion between two multiplexers 51, 1s con-
nected to an 1mput of a processor by a connection 25. An
output of a processor 1s connected to a segment of the bus
through an output bus segment 26 and another multiplexer 51.
In addition, acknowledge signals from processors are com-
bined with other acknowledge signals on the buses in
acknowledge combining blocks 27.

The select mputs of multiplexers 51 and blocks 27 are
under control of circuitry within the associated processor.

All communication within the array takes place 1n a pre-
determined sequence. In one embodiment, the sequence
period 1s 1024 clock cycles. Each switch and each processor
contains a counter that counts for the sequence period. On
cach cycle of this sequence, each switch selects one of 1ts
input buses onto each of i1ts six output buses. At predeter-
mined cycles 1n the sequence, processors load data from their
input bus segments via connection 25, and switch data onto
their output bus segments using the multiplexers, 51.

As a minimum, each processor must be capable of control-
ling 1ts associated multiplexers and acknowledge combining
blocks, loading data from the bus segments to which 1t 1s
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connected at the correct times 1n sequence, and performing
some useful function on the data, even if this only consists of
storing the data.

FIG. 5 shows 1n detail the structure of one half of one of the
acknowledge control blocks 27, which, as shown 1n FIG. 3,
are associated with each processor 20, the detail of the pro-
cessor not being shown 1n FIG. 5.

The acknowledge control block 27 recerves an input signal
AcklIn, which 1s the output signal from a preceding acknowl-
edge control block 27, as an input on line 43. The processor 20
generates a local input signal LocalAck, and supplies this as
another input for the acknowledge control block 27 on line 45.

The mput signal Ackln, and the local input signal Loca-
1Ack, are supplied as inputs to a multiplexer 41, and are also
supplied to an AND gate 40. The output of the AND gate 40

1s supplied as a third input to the multiplexer 41 on line 72.

The processor 20 also generates a selection signal Select,
which may actually be three bits, and supplies this on line 46
as a control mput to the multiplexer 41 to select either the
input signal Ackln, the local input signal LocalAck, or the
logical AND of the mput signal Ackln and the local mput
signal LocalAck. The selected one of these signals 1s supplied
as an output signal AckOut on line 44, which 1s further sup-
plied to any subsequent acknowledge control block 27 asso-
ciated with any subsequent processor 20 connected to the
same bus 32, 36.

FIG. 5 shows a part of the acknowledge control block 27,
which can handle either the acknowledge signal Ack or the
resend acknowledge signal RAck. In either case, the
acknowledge control block 27 contains similar circuitry for
handling the other of these two signals.

FIG. 6 shows in more detail the structure of a part of the
acknowledge selection block 67 within a switch 35, which 1s
shown 1n, and brietly described with reference to, FI1G. 2, and
combines acknowledge signals. Again, F1G. 6 shows a part of
the acknowledge selection block 67, which can handle either
the acknowledge signal Ack or the resend acknowledge signal
R Ack. In e1ther case, the acknowledge selection block 67 also
contains similar circuitry for handling the other of these two
signals.

Each of the input acknowledge signals, namely those on
the respective right to left horizontal bus LettAckln, the left to
right horizontal bus Right Ackln, the two upwards vertical bus
segments UpAcklIn and UpAck2In, and on the two down-
wards vertical bus segments DownAcklIn and DownAck2In,
and from the constant zero source Zero, 1s supplied to a first
input of a respective AND gate 83.

The respective second mnputs of these AND gates 83 each
receive a signal which, 1 each case, i1s the inverse of the
corresponding select signal received from the register 62.
Thus, for any one of the input buses for which the select signal
1s 0, and only for such iput buses, the output of the respective
AND gate 83 1s equal to the acknowledge signal.

The outputs of the AND gates 83 are connected to respec-
tive inputs of a further AND gate 84, such that the output
tfunction AckOut, 1s the logic AND of all the mput acknowl-
edge signals, for which the corresponding select signal, 1s
low.

Data words may be sent from a first processor to one,
second processor or from a {irst processor to a plurality of
second processors at the same time. The operation of the
device will be described first with reference to the case of data
being sent from a processor to one other. In this description, 1t
should be noted that all processors and all switches contain
counters that are synchronized and are programmed to per-
form particular operations on each cycle of the sequence.
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Reterring to FIG. 3, the sending processor selects its local
multiplexer 51, so that its output data and Valid signal are
selected onto the selected horizontal bus. Appropriate
switches 535 within the network are set to route the data and
Valid signal from the sending processor to the receiving pro-
cessor. The Valid signal 1s set high to indicate that there 1s
valid data on the bus. At the end of the transfer period, the
receiving processor loads the data i1 it 1s able to receive 1t.

At the same time as the sending processor selects data and
the Valid signal onto the bus, the recetving processor deter-
mines whether 1t 1s able to receive the data, for example based
on whether 1ts data input butier 1s full. Assuming that the
receiving processor 1s able to receive data, 1t sets 1ts Local Ack
signal high and selects 1t onto the bus as described with
reference to FIG. 5, by means of the multiplexer 41. If the
receiving processor 1s unable to recerve the data, 1t sets its
LocalAck signal low, and selects this onto the bus 1n the same
way.

In either case, the acknowledge signal 1s sent by the recerv-
ing processor betfore 1t actually recerves the transmitted data.

The LocalAck signal, set onto the bus by the receiving
processor, 1s routed back through the appropriate switches 335
to the sending processor. Within each of the switches, the
select signals on lines 64 (shown 1n FIG. 6) are set low for the
AND gate 83 (shown in FIG. 6) corresponding to the wanted
acknowledge signals and are set high for all other acknowl-
edge signals. At the end of the transfer period, the sending
processor samples the acknowledge signal, which has been
routed back 1n this way.

The action taken by the sending processor depends on
whether the sampled acknowledge signal Ack was high or
low. If 1t was high, the receiving processor was able to recerve
the data, and, on the next cycle that i1s allocated to this par-
ticular communication channel (slot), the sending processor
1s able to send new data. I1 the sampled acknowledge signal 1s
low, the receiving processor was unable to receive the data,
and, in the next slot, 1t sends the data again. This time, the
sending processor sends the data 1n the same way as before,
but sets the Valid signal low.

As the receiving processor did not load the data on the
previous slot, 1f 1t 1s now able to recetve data 1t loads it, and
during the same slot, 1t sets 1ts resend acknowledge signal
RAck high. The high RAck signal informs the sending pro-
cessor that the data was received and the transfer 1s now
complete. It the recerving processor 1s still unable to recerve
the data, 1t sets 1ts RAck signal low, and the sending processor
will send the data again 1n the next allocated slot. This process
continues until the receiving processor 1s able to receive the
data.

By way of example, referring to FI1G. 4, consider the trans-
ter of data from processor P24 to processor P16. In the slot 1n
which the transfer takes place, processor P24 selects 1ts out-
put data and Valid s1ignals onto bus segment 80, using 1ts local
multiplexer. The switch SW21 i1s set so that data on the input
RightBusln from the left to right horizontal bus segment 80 1s
routed to the output UpBus1Out for the upwards vertical bus
segment 72, and the corresponding Ack signals are routed 1n
the opposite direction. The switch SW11 i1s set so that data on
the 111put UpBuslln from the upwards vertical bus segment
72, 1s routed to the output nghtBusOut to the left to right
horizontal bus segment 76, again with the corresponding Ack
signals being routed 1n the opposite direction.

The processor P13 can not use this latter bus segment
during this slot (although it should be noted that it can use the
appropriate right to left bus segment 11 it requires to transfer
data at this time). Rather, the multiplexer 51, which connects
the processor P15 onto the left to right bus, 1s set to route the
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data on the bus segment 76 through to the bus segment 77. At
the end of the transfer period, the receiving processor P16
then loads the data and Valid signals, and the sending proces-
sor P24 samples the Ack and Rack signals.

The 1nvention will be turther illustrated with reference to
the case where data 1s sent to more than one receiving pro-
cessor. For example, again referring to FIG. 4, the sending

processor P24 sends data to three recerving processors P16,
P25 and P26.

Switches S21 and S11 are set as before, but switch SW21 1s
additionally set to route data on the input RightBusIn from the
left to right horizontal bus segment 80 to the output RightBu-
sOut to the left to right horizontal bus segment 81. The pro-
cessor P25 controls its local multiplexer on the left to right bus
to route data from bus segment 81 to bus segment 79. The
switch SW11 and the processors P15 and P16 behave as
betfore, and, at the end of the transier period, the processors
P16, P25 and P26 all load data and sample the Valid signal, 1f
they are able to recerve data on that slot.

The acknowledge control block, that 1s controlled by pro-
cessor P25, between the left to right bus segments.81, 79, 1s
set to select the AND of the LocalAcks (Ack and RAck) from
that processor P25. The mputs Ackln for the acknowledge
control block on bus segment 79, and the acknowledge select
signals 1n the switch SW21, are set so that the acknowledge
signals on the bus segment 80 are the logical AND of the
acknowledge signals from the bus segments 72 and 81.

In this way, the acknowledge signals sampled by the send-
ing processor P24 are the logical AND of the acknowledge
signals from the recerving processors P16, P25 and P26. On
the first slot that a particular data word 1s sent, i1 all three
receiving processors were able to load the signal, then the Ack
signal sampled by the sending processor P24 will be high, and
it will be able to transier new data on the next allocated slot.
If on the other hand this sampled Ack signal 1s low, the
sending processor P24 resends data 1n the next allocated slot,
with the Valid signal low, as described above.

In that case, if any of the recerving processors P16, P23 and
P26 received the data on the previous allocated slot, they will
sample the low Valid signal, which will indicate to them that
there 1s no new data being transferred in that slot. However,
any of the receiving processors P16, P25 and P26 that have
not already recetved the data, and are able to receive 1t 1n this
slot, will load the data.

All processors control their resend acknowledge signal
RAck as follows: 11 they recerved data 1n the previous allo-
cated slot, they set the resend acknowledge signal R Ack high,
regardless of whether they can receive data 1n the current slot.
I1 they were unable to receive data on the previous allocated
slot, they set RAck high i1 they are able to recerve the data 1n
the current allocated slot, and they set RAck low 1f they are
not able to receive the data.

In this example, if processors P16 and P23 were able to
receive data on the first slot, but processor P26 was not, then
processor P24 will sample Ack low and resend the data on the
next allocated slot. On this next slot, processors P16 and P25
will set their RAck signals high. If processor P26 1s not able
to rece1ve data on the second slot either, 1t will set RAck low
at that time. The sending processor P24 will sample RAck
low, and will send the data yet again, 1n a third allocated slot.
If, in the third slot, the receiving processor P26 1s able to
receive data, 1t will set RAck high; P16 and P25 will again
have set their RAck signals high and P24 will sample the high
R Ack, indicating that the transfer 1s complete. New data can
then be transterred on the next allocated slot.

In an embodiment of the invention, processors have input
buffers, and a processor may be unable to receive data
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because 1ts 1input butler 1s full. Using this method, recetving
processors are using the acknowledge signal Ack and the
resend acknowledge signal RAck to signal whether they wall
be able to load the data at the end of the slot.

The invention has been described 1n terms of a particular
embodiment, but 1t 1s generally applicable to circumstances
where one processor needs to send data to one or more other
processors. These processors may be addressed by informa-
tion 1n a packet header, for example, rather than the data being
switched by pre-programmed switches. In all cases the
present mvention can provide the advantage that recerving
processors can acknowledge that they are able to receive data
during the same time slot that data 1s sent, while advantageous
embodiments of the protocol can guarantee that receiving
processors do not receive the same data (or data packet) more
than once.

The invention claimed 1s:

1. A processor system, comprising:

a plurality of processors; and

a network interconnecting said processors,

wherein at least one transmitting processor 1s programmed

to transmit data to a plurality of receiving processors
during predefined time periods, and wherein the receiv-
Ing processors are programmed to recerve the transmit-
ted data during said predefined time periods,

wherein, during said predefined time periods at which the

plurality of receiving processors are programmed to
receive the transmitted data and at the same time as said
at least one transmitting processor 1s programmed to
transmit said data, said receiving processors are pro-
grammed to transmit an acknowledge signal to the
respective transmitting processor, indicating whether
they are able to accept the transmitted data,

wherein the acknowledge signals from said plurality of

receiving processors are combined into a combined
acknowledge signals which indicates whether or not all
of said plurality of receiving processors were able to
accept the transmitted data;

wherein each transmitting processor 1s programmed to

detect the combined acknowledge signal and, in the
event that the combined acknowledge signal indicates
that not all of said receiving processors were able to
recelve said transmitted data, to retransmit said data to
all of said plurality of processors during a next pre-
defined time period; and

wherein said transmitting processor 1s programmed such

that when said combined acknowledge signal indicates
that all receiving processors were able to accept the data
then said 1s not retransmaitted.

2. A system as claimed 1n claim 1, wherein said network
interconnecting said processors comprises a data valid line
connection and wherein each processor 1s programmed to
transmit, with any data, a binary data valid signal on said data
valid line connection, indicating whether or not the data has
previously been transmitted.

3. A system as claimed 1n claim 1, comprising logic cir-
cuitry associated with each processor for forming said com-
bined acknowledge signal, wherein said combined signal 1s a
logical AND of the acknowledge signals transmitted by each
receiving processor to the associated transmitting processor.

4. A system as claimed in claim 1, wherein each processor
has a data input butler, and each receiving processor transmits
an acknowledge signal, indicating that 1t 1s unable to receive
data, in the event that the respective mput data butler 1s full.

5. A system as claimed 1n claim 2, wherein each receiving,
processor 1s programmed, in the event that it transmits an
acknowledge signal to the respective transmitting processor

[
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indicating that it 1s unable to accept the transmitted data in a
first predefined time period, to transmit a resend acknowledge
signal to the transmitting processor during the next pre-
defined time period, indicating whether 1t 1s able to receive the
retransmitted data;

wherein 1n the event that it transmits an acknowledge signal

indicating that 1t 1s able to accept data 1n said first pre-
defined time period and, in the next predefined time
period said binary data valid signal indicates that the
data has previously been transmitted, to transmit a
resend acknowledge signal to the transmitting processor
during the next predefined time period, indicating that 1t
has been able to receive the retransmitted data; and
wherein the resend acknowledge signals from said plural-
ity of receiving processors are combined into a com-
bined resend acknowledge signal which 1ndicates
whether or not all of said plurality of recerving proces-
sors have been able to accept the re-transmitted data.

6. A system as claimed 1n claim S5, wherein each transmit-
ting processor 1s programmed to detect the combined resend
acknowledge signal and, 1n the event that not all of said
receiving processors were able to recerve the retransmitted
data, to retransmit said data again during the next predefined
time period.

7. A system as claimed 1n claim 6, wherein each processor
has a data input butier, and each receiving processor unable to
receive the data in the first time period transmits a resend
acknowledge signal, indicating that 1t 1s unable to receive
retransmitted data, in the event that the respective mput data
butler 1s full and each receiving processor which was able to
receive the data in the first time period transmits a resend
acknowledge signal, indicating that 1t 1s able to receive
retransmitted data, irrespective of the status of the respective
input data butler.

8. A system as claimed 1n claim 1, wherein each processor
1s programmed to perform a predetermined sequence of
operations repetitively 1n successive sequence periods.

9. A system as claimed in claim 1, wherein the network
comprises a network of buses and switches, and wherein the
switches are programmed to transier the data from the trans-
mitting processor to the plurality of recerving processors, and
to transfer the respective acknowledge signal from each of the
plurality of receiving processors to the transmitting proces-
sor, during the predefined time periods.

10. A system as claimed 1n claim 2, wherein said binary
data valid signal takes a first value when transmitting data
which has not previously been transmitted, and which takes a
second value when transmitting data which has previously
been transmitted and wherein said binary data valid signal
line 1s also set to said second value when not transmitting
valid data.

11. A system as claimed 1n claim 1 wherein said combined
acknowledge signal 1s a binary signal.

12. A system as claimed 1n claim 1 wherein each receiving
processor 1s programmed such that 11 1t transmits an acknowl-
edge signal indicating that it was able to accept data 1n a first
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predefined time period no further acknowledge signal 1s
transmitted in a subsequent predefined time period unless the
data 1s retransmitted.

13. A system as claimed in claam 1 wherein the time
between start of a first said predefined time periods and a
second said predefined time period 1s shorter than the time
required for a round trip of data transier from the transmit
processor to at least one recerve processor and subsequent
data transfer from said recetve processor back to the transmut
Processor.

14. A processor array, comprising:

a plurality of processors, able to act as sending processors

and receiving processors; and

a network interconnecting said processors, wherein

when a sending processor 1s programmed to transmit
data to a receiving processor over the network and the
receiving processor 1s programmed to receive the

transmitted data from the sending processor during a

first predefined time period, and

the receiving processor 1s programmed to transmit an
acknowledge signal to the sending processor during
said first predetermined time period at the same time
that the sending processor 1s programmed to transmit
said data, indicating whether 1t will be able to accept
the transmitted data during said first predefined time
period, and

the sending processor 1s programmed to detect the
acknowledge signal transmitted by the recerving pro-
cessor, wherein further

11 the acknowledge signal indicates that the receiving
processor was able to accept said transmitted data
during said first predefined time period, no further
acknowledge signal 1s sent;

11 the acknowledge signal indicates that the receiving
processor was unable to accept said transmitted
data during said first predefined time period, the
sending processor 1s programmed to retransmit
said data to the recerving processor during a second
predefined time period immediately following the
first predetermined time period and to transmit with

the retransmitted data a data valid signal indicating

that the data has previously been transmitted, and

the recerving processor 1s programmed to transmit
a resend acknowledge signal to the sending proces-
sor during said second predefined time period, 1ndi-
cating whether 1t will be able to accept the retrans-
mitted data during said second predefined time
period.

15. A processor array as claimed 1n claim 14, wherein the
sending processor 1s programmed to detect the resend
acknowledge signal transmitted by the receirving processor
and, 1n the event that the resend acknowledge signal indicates
that the recetving processor was unable to accept the retrans-
mitted data, to retransmit said data during a third predefined
time period immediately following the second predefined
time period.
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